Background: Previous work had shown the ability of an aqueous leaf and stem extract of Cissus quandrangularis (300 mg of CQR, CQR-300) to improve components of metabolic syndrome (MS) in overweight individuals.
Introduction O verweight and obesity are pathologic conditions, in which excess body fat accumulates mainly in the adipose tissue to the extent that it may have adverse effects on health, leading to reduced life expectancy. 1 On a global scale, 1.9 billion adults aged 18 years and older were overweight in 2016, with over 650 million of these being obese. 2 This usual gradual accumulation of energy in the adipose tissue is generally accompanied by an increase in the weight of the individual, resulting from an imbalance between energy intake and expenditure. Overweight and obese individuals exhibit perturbed energy and lipid metabolism, characterized by elevated blood levels of glucose, triglycerides, and low-density lipoproteins. 3, 4 Their condition is associated with an increased oxidative damage to cellular constituents (proteins, lipids, and DNA) and increased inflammation as indicated by elevated levels of tumor necrosis factor (TNF), interleukin-1b, and other proinflammatory cytokines, which predispose to several major age-related diseases, including diabetes, cardiovascular disease, and possibly cognitive impairment, and Alzheimer's disease. [5] [6] [7] Lifestyle changes, such as regular physical activity and nutrition improvement, are the basis for successful long-term weight loss and control of overweight and obesity. 8 Among dietary changes, indirect evidence from a number of epidemiologic studies suggests a beneficial role of foods such as beans, vegetables, and fruits. 9, 10 The role of antioxidants in reducing the risk of metabolic syndrome ( MS) has also been reported. 11 Despite research efforts to curb the incidence of obesity, there is no magic pill that collectively treats all the related disorders. Thus, there is the continuous search for novel and improved therapies to manage the various components of MS.
One such therapy that has been previously reported is an aqueous extract of the leaves and stems of Cissus quadrangularis Linn. C. quadrangularis (CQR-300) is a succulent plant of the Vitaceae family commonly found in tropical and subtropical woods. It is cactus-like, of the grape family, and commonly called veld grape, devil's backbone, adamant creeper, asthisamharaka, hadjod, pirandai, and patah tulang in different societies. In India, it is a common food item as well as widely used in traditional medicine. It has been reported to possess bone fracture healing, antibacterial, antifungal, antioxidant, anthelmintic, antihemorrhoidal, and analgesic activities. 12 C. quadrangularis (CQR-300) contains a variety of components, including antioxidants, indanes, as well as novel flavonoids and stilbenes with known antiobesity activity. 13 In Sprague-Dawley rats, CQR-300 is not genotoxic nor has any observed adverse effect at a dose of 2500 mg/kg bw/day. 14 The ability of CQR-300 to bring about weight loss and fat reduction (measured by bioelectrical impedance analysis, BIA) in obese participants has been demonstrated in several studies. [15] [16] [17] This can be linked to its ability to inhibit key enzymes of the digestive system such as pancreatic lipase, alpha-amylase, as well as alpha-glucosidase, thereby decreasing the potential absorption of monomers. 18 More recently, evidence from animal models of fat accumulation demonstrated that CQR-300 administration results in low expression levels of adipogenesis/lipogenesis-related genes and proteins such as C/EBPa, PPARg, SREBP-1c, and FAS in WAT. 19 Furthermore, phosphor-AMPK was shown to increase with CQR-300 treatment. 20 The resulting increased clearance of LDL and VLDL, then accounts for the reduction in plasma LDL and triglyceride levels. 21 The use of BIA to measure fat accumulation and distribution in epidemiologic and clinical studies is becoming controversial due to its inapplicability n all circumstances. Comparative studies between BIA and dual-energy X-ray absorptiometry (DEXA) seem to prove that BIA provides a relatively accurate prediction of% body fat in individuals with normal weight, overweight, or obesity following weight-loss programs, but is less accurate in predicting body fat in obese individuals at baseline or weight change during the weightloss intervention program. 22, 23 On the contrary, an imaging technique such as DEXA is considered as the gold standard. There is a reported gender-dependent underestimation of body fat percentage measured by BIA compared to DEXA. 24 DEXA is therefore more reliable for clinical patient follow-up, even though BIA is more versatile and has wider applications in epidemiologic studies. 25 To ensure an accurate interpretation of the effects of administering an oral daily dose of 300 mg of CQR to overweight participants, this pilot study investigated its effect on weight and biomarkers of MS as well as compared two methods (BIA vs. DEXA) of body fat determination.
Materials and Methods

Plant material
C. quadrangularis was harvested and authenticated at the National Herbarium of Cameroon in Yaounde with the Voucher Specimen number 36966 HNC. The C. quadrangularis extract powder CQR-300 was prepared as previously described.
14 In brief, the stems and leaves were washed, dried, and pulverized. This was followed by a hot water extraction and successive filtrations, before spray drying and further sieving using a 40/80 mesh. The resulting CQR-300 was validated for identity using HPTLC testing and tested for heavy metals (Pb, Hg, Cd, As) as well as a full spectrum of pesticides. The CQR-300 capsules that were used in the study contained 300 mg CQR-300 and were supplied by Gateway Health Alliances (Fairfield, CA, USA).
Participants and methods
A total of 86 overweight subjects (BMI 25-29.9 kg/m 2 ) aged between 25 and 60 years were selected from a group responding to a radio and local newspaper advertisement in Yaoundé, Cameroon. Respondents with BMI less than 25 or greater than 30 were excluded from the study. This number of participants was considered as appropriate since this was a pilot study. After physical examination and laboratory screening tests, diabetics, pregnant, and lactating women were excluded. None of these patients took any weight reducing drugs and none was following any specific diet. The purpose, nature, and potential risks of the study were explained to all patients and written informed consent was obtained before their participation. Participants were also requested not to change their habitual physical activity and food intake patterns.
Ethical consideration
The study protocol was approved by the National Ethics Committee of Research for Human Health of Cameroon (N°C 2014/08/488/CE/CNERSH/SP) and carried out according to ''Guideline for Good Clinical Practice by International Conference on Harmonization,'' ICH GCP. All participants voluntarily signed a consent form before the start of the intervention.
Study design
The 8-week pilot intervention was designed as a randomized, double blind, placebo-controlled study. Participants were regularly seen by a physician and two trained attending nurses, who oversaw dispensing of the test capsules during participant visits. Randomization was done using a computer generated random number method allocating participants to one of two groups. The placebo capsules (corn starch) as well as those of the CQR-300 were identical in shape, color, and appearance. Participants received a 300 mg capsule immediately before their meal (8-10 am) and were examined every week during routine visits when their body weight, body fat, and waist and hip circumferences were measured by the attending nurse. Subjective findings such as increased or decreased appetite, feeling of lightness, and gastrointestinal pains were individually solicited and noted. Side effects of the formulation if any were noted. The participants were also interviewed about their physical activity and food intake during the study period. They were asked to keep a record of their food intake over 7 consecutive days (using household measurements). At the start of the study as well as on weeks 4 and 8, blood was collected, and plasma was prepared and stored at -70°C for between 2 and 5 days.
Allergen-specific IgE tests were performed on participants after 2 weeks of the study. The pulse rate and the respiratory rate of participants were measured at each visit.
Anthropometric measurements. Anthropometric measurements were done weekly. Body weight and body fat were measured using a TANITA Monitor Scale, after an overnight fast and with participants wearing light clothing. Body fat was additionally measured by fan-beam DEXA. The DEXA operator performed a whole-body scan on each participant as he/ she lay down in a supine position. Whole-body composition analysis provided data on the trunk, arms, and legs. Equipment was calibrated each day by using a standardized phantom. The DEXA variable used in the present study was %BFdxa that is the percent of body fat measured by DEXA as a function of the total body weight (fat mass · 100/body weight) Waist and hip circumferences were measured using soft nonstretchable plastic tape on the narrowest and the widest parts of the trunk.
Blood pressure
Blood pressure was measured on participants sitting down. This was done by the attending nurse during each visit using a mercury sphygmomanometer with the cuff worn 2-3 cm above the antecubital fossa of the nondominant arm. On each occasion, three measurements were made and the average recorded.
Sample collection and treatment
Fasting venous blood (5 mL) was collected from participants into heparinized tubes. Following centrifugation at 4500 g for 10 min at 4°C, plasma was collected and stored for between 2 and 5 days at -70°C before analyses.
Biochemical analyses of plasma. Total cholesterol in plasma was determined using an enzymatic method, while plasma triglyceride was determined as previously described. 26, 27 HDL cholesterol was determined using a heparin manganese precipitation of Apo B-containing lipoproteins, while LDL cholesterol was estimated using the Friedewald's formula. 28 Blood glucose was determined using the glucose oxidase method. 29 Serum leptin and adiponectin were measured using enzyme-linked immunosorbent assay.
Statistical analysis
Results are expressed as means -SEM. The software SPSS 20.0 was used for data analysis. Unpaired Student's t test was used to compare intergroup differences between the placebo and active formulation. Paired Student's t test was carried out on the start and end values to compare intragroup variables.
Flow Diagram
The detailed treatment procedure is outlined in the flowchart in Figure 1 .
Results
Sixty-seven overweight individuals were included in the study. With regard to reported physical activity and food intake, no difference was observed among the participants during the 8-week study period. Participant compliance rate was over 90%. No adverse effect was reported in the CQR-300 group. Of the nine participants (five placebos and four CQR-300) who dropped out of the study, three did not think they were having any benefit, four were unable to follow the protocol, while two had malaria (endemic in study region).
Baseline data
There were no statistically significant differences between groups at baseline for all the parameters that were measured (Table 1a) .
Adverse effects, allergies, and safety considerations
With the exception of three participants who reported being uneasy after the DEXA measurement, adverse conditions were not reported by participants nor were there any reported discomfort after administration of either the placebo or the CRQ-300 over the 8-week period. Allergen-specific IgE tests on participants after 2 weeks of the study did not indicate any signs of allergy. The pulse rate of participants did not change during the study, and ranged from 52 to 81, while the respiratory rate ranged from 15 to 22.
Effect of CQR300 on anthropometric parameters
Body weight. After 8 weeks of the study, we observed weight loss in participants who received CQR-300 as well as those on placebo (Table 1b) . The mean weight of participants in the placebo group dropped by 0.57 kg, while those on the CQR-300 group dropped by 7.40 kg.
Body fat. There was no significant difference in body fat measured by BIA and DEXA at baseline (T0) between placebo and CQR-300. Body fat changes as measured by bioelectrical impedance and DEXA followed a similar pattern to the changes in weight over the 8-week experimental period. Follow-up of body fatness measured by BIA showed a lot of fluctuations in percentages. Administration of CQR-300 brought a reduction of 8.9% in the treated group compared with 1.1% in the placebo group (Table 2a) .
In the placebo group, body fat measured with DEXA, slightly but not significantly increased during the 8-week treatment period, while in CQR-300 group, body fat gradually decreased from T0 to T8. CQR-300 administered for 8 weeks brought about a 12.8% reduction in body fat, which was significantly different ( p < 0.05) from the change observed in the placebo group (Table 2b) .
Waist circumference. CQR-300 intake over the 8 weeks experimental period, brought about a 8.9% decrease in waist circumference compared to placebo (1.6%) (Table 3a) .
Hip circumference. An 8 weeks treatment led to a decrease in hip circumference in both groups. The reduction was more marked ( p < 0.05) in CQR groups than in the placebo group (Table 3b ).
Waist to Hip ratio. The waist to hip ratio was significantly ( p < 0.05) reduced in the CQR-300 group over the 8-week experimental period (Table 3c) .
Systolic blood pressure. An 8 weeks treatment with CQR-300 reduced ( p < 0.05) systolic blood pressure by 8.7% compared with the placebo group (0.30%) (Table 4a) .
Diastolic blood pressure. There was a decrease in diastolic blood pressure after 8 weeks of treatment in both placebo and CQR-300 groups. However, the reduction was significantly ( p < 0.05) greater in the CQR-300 group (6.0%) compared with the placebo group (3.29%) (Table 4b ).
Total cholesterol. There was no difference in total cholesterol levels of placebo and CQR-300 at baseline (T0). Total cholesterol levels reduced from 197.52 to 192.63 mg/ dL in the placebo group after 8 weeks treatment. CQR-300, on the contrary, reduced blood cholesterol from 195.77 to 177.02 mg/dL. There was a significant ( p < 0.05) difference between the CQR-300 and the placebo group after 8 weeks of treatment (Table 5a ). Values are means -SD. CQR-300, 300 mg of Cissus quandrangularis; DEXA, dual-energy X-ray absorptiometry. Values are means -SD. Statistical significance is at *p £ 0.05, for comparison of differences between placebo and the CQR-300 group at each time point or a p £ 0.05, for comparing of differences compared to T 0 within the same group. CQR-300, 300 mg of Cissus quandrangularis. Values are means -SD. Statistical significance is at *p £ 0.05, for comparison of differences between placebo and the CQR-300 group at each time point or a p £ 0.05, for comparing of differences compared to T 0 within the same group. CQR-300, 300 mg of Cissus quandrangularis. (Table 8) .
Discussion
The aims of this study were to confirm the ability of CQR-300 to improve components of MS, as well as to validate the changes in body fat using the DEXA method.
Over an 8-week period, the daily use of 300 mg of CQR by overweight participants significantly reduced their weight, body fat, waist and hip circumferences, blood pressure, total and LDL cholesterol, triglycerides, glucose, and leptin concentrations. This was accompanied by increases in the HDL cholesterol and adiponectin concentrations, which could be through mechanisms similar to that observed in experiments with grape seeds. 30 The reduction of body fat observed over the 8-week trial period was determined using the TANITA bioelectrical impedance meter as well as the DEXA method. The values for body fat as determined by DEXA were higher than values obtained using BIA. This might represent a greater sensitivity of the DEXA measurements (Tables 2a, b) .
The overweight condition is characterized by a modification involving the accumulation of fat or triacylglycerol in the adipose tissue through hyperplasia and hypertrophy, which finally leads to an increase in body weight through excessive energy intake and storage. This condition which is linked to perturbations in lipid and carbohydrate metabolism is a major public health concern that requires attention. The loss of weight observed in this pilot study was comparable to that observed in a previous C. quadrangularis study, sibutramine administration for 1 year, or the use of orlistat for 6 months or 1 year. 17, 31, 32 This weight reduction could be linked to the ability of C. quadrangularis to reduce appetite. 33 In the present study, the CQR-300 linked decrease in body weight as well as the improvement in the different parameters over a relatively shorter period of time could be beneficial in the prevention and management of metabolic disease.
The reduction in fat (Tables 3a, b) was consistent with the reduction of the hip and waist circumferences, which are often used as surrogates in the determination of body fat. These measures have been reported to have moderate correlations with the absolute and relative amounts of visceral adipose tissue as determined by imaging techniques such as DEXA. 34 Given the controversy on the use of BIA for epidemiologic and clinical/follow-up trials, 23, 35 ,36 the present study shows that CQR-300 decreased body fat by 8.9% and 12.8% as measured by impedance and DEXA, respectively (Tables 2a,  b ). It also indicates that the DEXA measures adipose tissue mass and distribution with greater accuracy. 37 These findings are in accordance with works previously carried out on Cissus quadrangularis. 15, 17 Blood pressure, another component of MS was reduced in overweight participants after 8 weeks of treatment. It is well established that weight gain is associated with elevated blood pressure and that subsequent reduction in weight brings about a reduction in BP. 38, 39 It appears that CQR-300 in reducing BP may be a better alternative to multidrug regimens often required by hypertensive patients. 40 
Conclusions
In this pilot study, the aqueous extract of leaves and stems of C. quadrangularis, CQR-300, administered as a single 300 mg dose daily over an 8-week period reduced body fat as demonstrated by both bioelectrical impedance and DEXA measurements. This was paralleled by a reduction in body weight as well as the improvement of certain biochemical parameters associated with MS.
